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Abstract 
Background: This paper examines the waste water management research publications during the period 
of 2010-2019 from the Scopus multidisciplinary online database. The study aims to analysis the year 
wise growth of publications, relative growth rate and doubling time, top 10 authors contribution, 
authorship pattern, degree of collaboration, collaborative coefficient, collaborative index, Co- author 
index, document types, time series analysis, contribution of top 10 journals, institutions, countries, 
language and Highly cited papers of waste water management research publications. 
Results: There are 19861 research publications are identified in the field of waste water management 
research publications during the ten year study period. This study identified that maximum of 
2842(14.31%) research publications with 19857 citations are contributed in the year 2019. Ngo, H.H, 
contributed a maximum of 101 (0.51%) research publications, maximum of 19355 articles were 
contributed by joint authors and average degree of collaboration is 0.97. The range of Collaborative Co-
efficient is (0.76-0.69), and the range of Collaborative index is (4.85-4.09). Maximum of 2102(10.58%) 
research publications are contributed in Bio resource technology, the ministry of education, china with 
863(22.32%) research publication and China has contributed maximum of 5919(29.80%) research 
publications. Maximum of 18037 (90.82%) research publications are contributed by article. Maximum 
of 4375 citations are received by Fu, F. and Wang, Q. (2011) Removal of heavy metal ions from waste 
waters: A review. Journal of Environmental Management, 92(3): 407-418.  
 
KEYWORDS: Scientometric, Bibliometric, degree of collaboration, authorship pattern, time series 
analysis, co- authorship index, relative growth rate and doubling time, collaborative of co- efficient.  
 
Waste Water Management: Introduction 
Collection of domestic and industrial waste water is planning and design of waste water collections 
facilities involves the determination of waste water flow rates. The hydraulic design and diversion 
structure of the selection of sewers are laid under roads to avoid interference with private property. 
Treatment of waste water is essential in order to reduce the spread of communicable diseases caused 
by the pathogenic organization in the sewage and to prevent the pollution of surface and ground water. 
The treatment of waste water is carried out by combinations of physical unit operations and chemical 
and biological unit processes. After the treatment process disposal arises is the most important problem 
in the field of disposal.  It is the establishment of increasingly stringer requirement to protect the 
environment currently used effluent disposal methods are Dilution in the streams and rivers, Land 
application and re-use in aquaculture and crop irrigation the most striking example of agriculture re-use 
of domestic waste is in china in which over 90% of national night soil production1. 
Scientometric 
Scientometric is one of the truly inter disciplinary research fields to extend almost all scientific fields. In 
addition many extensive bibliometric studies of important science fields appeared during the last two 
decade2. At presents, the connotation of bibliometric turns out to be the science of measurement 
relating to documents. The word measurement mean the application of mathematical and statistical 
techniques to find out growth of document, scattering or literature in various types of documents, 
publication of documents by an author, impact of document and so on. Tijssen and Teeuw consider that 
the term scientometric originated in Russian to mean application of qualitative methods to the history 
of science. But it’s now generally used as a generic term for a variety of research approaches within the 
study of science. They consider publication count and citation count as two bibliometric parameter 
which are used in scientometric research.2  
Cole and Eales (1917)3 in their publication on history of comparative anatomy, applied statistical 
methods for analyzing the literature are called it statistical analysis. The most important contribution 
was made by Hulme (1923)4 when he published the book statistical bibliography, this term continued to 
be used for statistical measures till the end of 1960s. Ranganathan (1948)5 coined the term librametry 
to denote measurement of various library activities and service using mathematical and statistical 
technique. Alan Prichard (1969)6 coined the term bibliometric to denote Application of mathematical 
and statistical  methods to book and other media, process of written communication and of the nature 
and course of a discipline. Van Raan (1997)7 According to scientometric research is devoted to 
Quantitative studies of science and technology. So that this paper aims to analyze the contribution of 
wastewater management research publications are published in Scopus database during the period of 
2010 – 2019.  
Review of Literature 
Rajendran et al., (2013)8 examine the Indian research publications in wireless communication research 
during 2001-2012 from the SCOPUS database with 1128 publications. The study analysis the 
Scientometrics tools such as, relative growth rate and doubling time, degree of collaboration and co-
authorship index have been analyzed. Further, they identified top 10 most preferred journals, type of 
document and highly productive Indian institutions. 
Jeyshankar et al., (2016)9 analyzed 13079 global research literature on Autism research from Scopus 
database during 2007-11 with 70 countries. Majority of the papers are contributed by USA (49.24%). 
Especially Indian scientists had published 134 papers with 17th rank among the other countries. 
Maximum of (64.76%) publications are published in the form of articles and most of (79%) scientists are 
chosen to publish their research publications by multi authorship. Most of the research papers are 
published in the field was Journal of Autism and Development Disorders (7.19%).   
 
Chitra et al., (2011)10 analyzed the growth pattern of Neuroscience literature during 1972-2011 and they 
analyzed authorship pattern in different collaboration parameters. The quality of the SJR and SNIP are 
assessed. India research in this field of Neuroscience was infantile stage due to non-availability of funds 
and supportive training programs. Maximize the training programs at institutional, national and 
international levels are very much needed. The lacking on the contribution may be due to non-
availability of international collaboration. 
 
Vivekanandhan et al., (2016)11 examined the pollution control research contributions in India from 
Scopus database during 2003-2014 with 28445 global level research publications, India was placing 3rd 
with 1551 research publications. Further, they analyzed the country wise research publications, and 
share of Indian publications with citations, type of documents and publication efficiency index.  
Siva et al., (2019)12 have examined the global research publications in Hepatitis C from Scopus database 
for the period of 2009-2018 with 59926 publications. The study identified citation analysis and impact 
factor of the journal productivity in the research field of hepatitis C. Highest number of 18160 (23.10%) 
research publications are contributed by USA and relative citation index was between 0.95 and 3.3. 
Siva, Vivekanandhan and Manickaraj (2018)13 examined the digital library research publications, from 
2008 to 2017 containing 10345 research publications from SCOPUS online database. The study identified 
average degree of collaboration was 0.78, RGR has decreasing trend and Dt has identified increasing 
trend. Maximum of 2650 (25.62%) research publications are contributed by United States, and 
maximum of 59 (0.57%) research publications are contributed by Giles C.L with 643(1.35%) citations and 
h-index was 15.  
 
Manickaraj et al., (2014)14 analyzed Wireless communication research output between 2001 and 2012 
from the SCOPUS online database with 9565 research publications. They analyzed year wise growth, 
language wises contribution, most contributing countries, institute and author, and journals.  Highest 
numbers of research publications are contributed by USA and most of the research publications were 
published by English language, most of the authors are prefer to publish their research publications by 




➢ To identify the year wise growth of publications with citations 
➢ To analysis the relative growth rate and doubling time 
➢ To determine the top 10 authors contribution 
➢ To analysis the authorship pattern and degree of collaboration 
➢ To analysis the Collaborative Coefficient and Collaborative Index 
➢ To examine the Co-authorship Index and Time series analysis 
➢ To identify the document type of publications 
➢ To identify the top 10 journals, institutions and countries contributions. 
➢ To examine the language wise growth and highly cited top 10 publications. 
 
Research Methodology 
The waste water management research publications are identified using the Scopus multidisciplinary 
online database from 2010 to 2019 using the following search keyword: (TITLE-ABS-KEY) "Waste Water 
Management" AND PUBYEAR > 2009 AND PUBYEAR < 2020). The data was collected for this study is 
15.08.2020. The collected data’s were analyzed using Micro Soft Excel work sheet. 
 
Data Analysis and Interpretations 
 
 
Year wise growth of publications 
 




Publications  Pub % 
Total 




1 2010 1637 8.24 94429 14.20 2491 13.21 37.91 
2 2011 1573 7.92 84486 12.71 2371 12.57 35.63 
3 2012 1626 8.19 81316 12.23 1961 10.40 41.47 
4 2013 1820 9.16 72224 10.86 1998 10.59 36.15 
5 2014 1775 8.94 71078 10.69 1855 9.84 38.32 
6 2015 1934 9.74 67769 10.19 1695 8.99 39.98 
7 2016 2098 10.56 60830 9.15 1761 9.34 34.54 
8 2017 2041 10.28 48823 7.34 1580 8.38 30.90 
9 2018 2515 12.66 48396 7.28 1541 8.17 31.41 
10 2019 2842 14.31 35445 5.33 1605 8.51 22.08 
Total 19861 100.00 664796 100.00 18858 100.00 348.39 
 
 
Table 1 shows that year wise growth of waste water management research publications during the ten 
year study period between 2010 and 2019 with 19861 research publications and 664796 citations. From 
the study, it is identified that the maximum of 2842 (14.31%) research publications are contributed in 
the year 2019, followed by 2515 (12.66%) publications in the year 2018, and 2098 (10.56%) publications 
in the year 2016. The average research publication per year is 1986.  
 
During the ten year study it is identified that a total number of19861 publications are received 664796 
citations. Out of that maximum of 94429 citations are received 1637 publications in the year 2010. 
Followed by 84486 citations are received 1573 publications in the year 2011. From the study, out of 
19861 publications, 18858(100%) research publications are cited publications and 1003 publications are 
uncited publications. Maximum of citation per paper is 41.47 in the year 2012, followed by CPP is 39.98 
in the year 2015 and average citation per paper is 34.8.   
 
Relative Growth Rate and doubling time  
 
Relative Growth Rate of Publications 
 
The relative growth of publications was analyzed by using the two parameter namely Relative Growth 
Rate and Doubling time was originated by Mahapatra (1985)15. RGR is a measure to study the increases in 






Where as  
 
R (a) = RGR = the mean relative growth rate over the specific period of interval 
W1 = the logarithm of beginning number of publications/pages 
W2= the logarithm of ending number of publications/pages after a specific period of interval 
T2 – T1 = the unit difference between the beginning time and the ending time. 
Doubling Time  
The doubling time is time taken for the doubling of the number of records actually published 
within a stipulated period.  The doubling time is calculated from the relative growth rate and the natural 
logarithm number is used, the difference has a value of 0.693. Thus the corresponding doubling time can 
be calculated by the following formula, 
     











1 2010 1637 1637  7.40   
2 2011 1573 3210 7.40 8.07 0.67 1.03 
3 2012 1626 4836 8.07 8.48 0.41 1.69 
4 2013 1820 6656 8.48 8.80 0.32 2.17 
5 2014 1775 8431 8.80 9.04 0.24 2.93 
6 2015 1934 10365 9.04 9.25 0.21 3.36 
7 2016 2098 12463 9.25 9.43 0.18 3.76 
8 2017 2041 14504 9.43 9.58 0.15 4.57 
9 2018 2515 17019 9.58 9.74 0.16 4.33 
10 2019 2842 19861 9.74 9.90 0.15 4.49 
Total 19861      
 
The relative growth rate and the doubling time (Dt) was calculated and the results are presented in 
table 6. From the study it is identified that, the relative growth rate is 0.67 in the year 2011 and 
0.15 in the year 2019. This study confirmed that relative growth rate is decreasing trend. At the 
same time doubling time found that 1.03 in the year 2011 and 4.49 in the year 2019 and it is 
conformed that doubling time is increasing trend 
 
Top 10 Authors Contributions 
 
Table 3 Top 10 Authors Contributions in Waste Water Management Research Publications 
 
 
S.No Author Country No. of Publications % Pub Citations % 
1 Ngo, H.H. China 101 15.10 8051 19.32 
2 Peng, Y. United States 77 11.51 3809 9.14 
3 Yuan, Z. India 74 11.06 4294 10.30 
4 Zeng, G. Spain 73 10.91 3651 8.76 
5 Guo, W. Australia 69 10.31 5998 14.39 
6 Barcela, D. Canada 68 10.16 4897 11.75 
7 Lee, D.J. United Kingdom 61 9.12 3159 7.58 
8 Nghiem, L.D. Germany 50 7.47 2542 6.10 
9 Yu, H.Q. South Korea 49 7.32 3912 9.39 
10 Lens, P.N.L. Italy 47 7.03 1363 3.27 
Total 669 100.00 41676 100.00 
 
Table 3 identified the top ten author contributions for the research publications of waste water 
management research from SCOPUS database. From the study it is identified that, maximum of 101 
(15.10%)  research publications are contributed by Ngo, H.H China with 8051(19.32%) citations, followed 
by Peng,Y, United States with 77(11.51%) research publications with 3809(9.14%) citations, Yuan, Z , 
India with 74(11.06%) research publications with 4294(10.30%) citations. From this study it is identified 
that 669(100%) research publications with 41676 citations are contributed by the top 10 authors from 
the ten different countries.  
 
 
Authorship Pattern by year 
Table 4 Authorship Pattern in Waste Water Management Research Publications 
 
Authorship Pattern 
Year 1 2 3 4 5 6 7 8 9 >9 Total 
2010 57 244 339 360 301 150 80 56 27 23 1637 
2011 61 235 337 327 271 163 85 41 23 30 1573 
2012 57 187 355 335 277 212 106 44 20 33 1626 
2013 52 219 347 382 319 223 134 56 45 43 1820 
2014 57 214 307 357 327 222 147 71 38 35 1775 
2015 40 240 351 342 333 301 167 83 37 40 1934 
2016 53 214 343 408 391 295 167 97 53 77 2098 
2017 54 164 322 350 360 306 194 138 71 82 2041 
2018 41 204 337 418 442 382 266 181 112 132 2515 
2019 34 191 357 446 498 458 324 234 119 181 2842 
Total 506 2112 3395 3725 3519 2712 1670 1001 545 676 19861 
 
Table 4 identified that, year wise authorship pattern in the field of waste water management research 
during the ten year study period. From the study, it is identified that, out of 19861 research publications, 
506 research publications are contributed by single authors and remaining 19355 research publications 
are multi author’s contributions. From the multi authors publications, maximum of 3725 research 
publications are contributed by four authors, followed by 3519 publications are contributed by  five 
authors, 3395 publications are three authors. During the ten year study period more than nine authors 
are contributed 676 publications. 
 
Degree of Collaboration 
 






Total No of 
Publications 
Degree of Collaboration 
DC=(Nm/(Nm+Ns)) 
2010 57 1580 1637 0.97 
2011 61 1512 1573 0.96 
2012 57 1569 1626 0.96 
2013 52 1768 1820 0.97 
2014 57 1718 1775 0.97 
2015 40 1894 1934 0.98 
2016 53 2045 2098 0.97 
2017 54 1987 2041 0.97 
2018 41 2474 2515 0.98 
2019 34 2808 2842 0.99 
Total 506 19355 19861 0.97 
 
Degree of collaboration is relationship between single author and multi author contributions. The 
degree of collaboration is calculated by the Subramanian (1983)16 formula, and used by Vivekanandhan 
(2016), 17 Sivasamy (2020).18  
 
Where DC = Degree of Collaboration 
Nm = Number of Multi authored publications 
Ns = Number of single authored publications 
In the present study, Nm = 19355, Ns= 506 
So that the degree of collaboration is =19355/ (506+19355) = 0.97 
Table 5 shows that,degree of collaboration in waste water management research publications for the 
ten year studies period. From this study it is identified that, degree of collaboration is between 0.97 in 
the year 2010 and 0.99 in the year 2019. The average degree of collaboration is 0.97. From this study it 
is identified that, majority of waste water management research publications are contributed by 
collaborative authors.  
Collaborative of Co-efficient (CC) 
The pattern of co-authorship collaboration among the authors can be measured with the 
following formula suggested by Ajiferuke, et al. (1988)19 
 
Whereas, 
Fj = Number of publications with j author papers 
N = Total number of the research publications and 
k = the greatest number of authors/ paper in the given field 
Collaboration Index (CI) 
The simple indicator are presently employed in the publications to the collaboration index 
among the co-authors,  which is to be understand nearly as the mean number of authors per paper 
are suggested by Ajiferuke, et al.(1988)19 
 
Here 
J   - The number of co-authored papers appearing in a discipline 
N - The total number of publications in the field over the same time period of interval and  
k - The highest number of authors per paper in a same time field.  
. 
Table 6 Collaboration Index and Collaborative of Co-efficient of Waste water Management 
Authorship Pattern   
Year 1 2 3 4 5 6 CC CI 
2010 57 244 339 360 301 336 0.70 4.09 
2011 61 235 337 327 271 342 0.69 4.10 
2012 57 187 355 335 277 415 0.71 4.24 
2013 52 219 347 382 319 501 0.71 4.30 
2014 57 214 307 357 327 513 0.71 4.36 
2015 40 240 351 342 333 628 0.72 4.40 
2016 53 214 343 408 391 689 0.73 4.49 
2017 54 164 322 350 360 791 0.74 4.65 
2018 41 204 337 418 442 1073 0.75 4.74 
2019 34 191 357 446 498 1316 0.76 4.85 
Total 506 2112 3395 3725 3519 6604 0.73 4.47 
 
It is observed from table 6, collaborative coefficient is calculated and presented during the ten year 
study period for waste water management research publications. It is observed from the table 6 highest 
collaboration coefficient is 0.76 in the year 2019 and lowest CC is 0.69 in the year 2010, and average 
collaboration coefficient is 0.73  
 
The collaboration index observed from the table 6 maximum of collaboration Index is 4.85 in the year 





Co- Authorship Index (CAI) is obtained by calculating proportionately the publications by single, two and 
multi authored papers (Garg & Padhi, 1999).20 
 
     
             Where, 
  Nij = Number of papers having authors in block i 
  Nio = Total output of block i 
  Noj = Number of papers having j authors for all blocks. 
  Noo = Total number of papers for all authors and all blocks 
 
CAI=100 indicates that a countries co-authorships effort for a particular type of Authorship 
correspondents to the world average.  
CAI>100 reflects higher than average co-authorship effort  
and CAI<100 shows lower than average Co-authorship effort for a given type of authorship pattern. 
 
For calculating the co-authorship index for authors, years have been replaced into block years. For this 
study, the authors have been classified into two blocks (ie.2010-2014 and 2015-2019) Vs. Single, Two, 
Three authors and More than 3 authors.  
 
Table 7 Co- Authorship Index (CAI) in Waste water Management Research Publications 
 













1 2010-2014 284 52.07 1099 48.27 1685 46.04 18080 121.12 21148 
2 2015-2019 222 75.76 1013 82.83 1710 86.98 8485 105.81 11430 
Total 506  2112  3395  13848  19861 
 
Table 7 shows that, Co-Authorship Index values are calculated by block year period for waste water 
management research publications for the selected ten year study period.  From the study it is identified 
that, CAI for single, two and three authorship contributions are increasing trend from 1st block year to 2nd 
block year.  At the same time, CAI is decreasing trend for more than three authors from 1st block year 
(121.12) to 2nd block year (105.81). 
  
Time Series Analysis 
 
Time series analysis reveals the estimated growth values are identified based on previous data.  A 
straight –line equation is adapted to measure the future values based on previous data. Time series 
analysis used by Jeyshankar (2013)21 
 
Table 8 Time Series Analysis of Waste water Management 
S.No Years Count(Y) X Y2 XY 
1 2010 1637 -5 25 -8185 
2 2011 1573 -4 16 -6548 
3 2012 1626 -3 9 -4719 
4 2013 1820 -2 4 -3252 
5 2014 1775 -1 1 -1820 
6 2015 1934 1 1 1934 
7 2016 2098 2 4 4196 
8 2017 2041 3 9 6123 
9 2018 2515 4 16 10060 
10 2019 2842 5 25 14210 
 Total 19861  110 11999 
 
Table 8 shows that the time series analysis formula has been predicted for waste water 
management research publications for the year 2025 and 2030 
Straight Line Equation is 
Y = a + bx 
Here, 
∑Y = 19861, ∑X2 = 110, ∑XY = 11999 
a= ∑Y/N = 19861/10 = 1986.1 = 1986 
b= ∑XY/ ∑X2 = 11999/110 = 109.08 = 109        
Estimated publications in the year 2025 is when X=2025-2015=10 
 
Y = a + bx 
= 1986+ (109*10) = 1986+1090 = 3076 
Estimated literature in 2030 is when X=2030-2015=15 
 
  Y = a + bx 
   
   = 1986 + (109*15) = 1986 + 1635 = 3621 
 
The estimated growth based on a time series analysis statistical application will be expected in 
the waste water management research publications in the year 2025 is around are equal to 3076 and 
the year 2030 is around are equal to 3621.  So that time serious analysis conformed that the 
publications on waste water management research is increasing trend. 
Document Types of Waste water Management 
Table 9 Document Type  
S. No Document Type Publications % Cum. % 
1 Article 18037 90.82 18037 90.82 
2 Review 1342 6.76 19379 97.57 
3 Editorial 156 0.79 19535 98.36 
4 Note 116 0.58 19651 98.94 
5 Conference Paper 75 0.38 19726 99.32 
6 Short Survey 54 0.27 19780 99.59 
7 Letter 39 0.20 19819 99.79 
8 Book Chapter 31 0.16 19850 99.94 
9 Retracted 5 0.03 19855 99.97 
10 Conference Review 3 0.02 19858 99.98 
11 Book 1 0.01 19859 99.99 
12 Erratum 1 0.01 19860 99.99 
13 Undefined 1 0.01 19861 100.00 
Total 19861 100.00     
 
Document types are identified during the ten year study period on waste water management research 
publications are shows from table 9. From the study it is identified that, maximum of 18037(90.82%) 
research publications are contributed by article, followed 1342(6.76%) research publication are review 
and third placed in editorial with 156(0.79%) research publications. This study confirmed that, more 
than 90% of research publications are contributed by article. Remaining nearby 10% of research 
publications are identified in the other type of documents. 
Top 10 Journals Contributions 
Table 10 Top 10 Journals contributions in waste water management research 







1 Bioresource Technology 2102 10.58 93616 20.28 
2 Water Science And Technology 1979 9.96 20795 4.50 
3 Water Research 1710 8.61 101851 22.06 
4 Journal Of Hazardous Materials 1218 6.13 68664 14.87 
5 Chemosphere 1128 5.68 37936 8.22 
6 Science Of The Total Environment 1044 5.26 40515 8.78 
7 Journal Of Environmental Management 905 4.56 34929 7.57 
8 Environmental Science And Technology 842 4.24 54242 11.75 
9 Environmental Technology United Kingdom 519 2.61 5749 1.25 
10 Water Environment Research 476 2.40 3321 0.72 
Total 11923 60.03 461618 100.00 
 
Table 10 shows that, top10 journals contributions in the field of waste water management research. 
From the study it is identified that, maximum of 2102(10.58%) research publications are contributed by 
Bio resource Technology with 93616(20.28%) citations, followed by water science and technology with 
1979(9.96%) research publications with 20795(4.50%) citations, third placed is water research with 
1710(8.61%) research publications with 101851(22.06%) citations. During the ten year study period top 
10 journals are contributed by 11923(60.03%) research publications and 461618 citations. 
Top 10 Institution contributions  
  Table 11 Top 10 Institutions contribution in waste water management 
S.No Name of the Institution 
No of 
Publication %  pub Citations % 
1 Ministry of Education China 863 22.32 31286 20.86 
2 Chinese Academy of Sciences 787 20.35 29700 19.80 
3 Harbin Institute of Technology 468 12.10 16179 10.79 
4 Tsinghua University 310 8.02 13368 8.91 
5 Tongji University 310 8.02 11630 7.75 
6 University of Chinese Academy of Sciences 262 6.78 7633 5.09 
7 The University of Queensland 251 6.49 14194 9.46 
8 Research Center for Eco-Environmental 
Sciences Chinese Academy of Sciences 242 6.26 6421 4.28 
9 Nanjing University 193 4.99 7866 5.25 
10 Delft University of Technology 181 4.68 11691 7.80 
  Total 3867 100.00 149968 100.00 
 
During the 10 year study period, top 10 institutions are identified from table 11, from the study 
maximum of 863(22.32%) contributions are ministry of education china with 31286(20.86%) citations, 
followed by Chinese Academy of science contributed with 787(20.35%) research publications with 
29700(19.80%) citations, Harbin Institute of technology contributed with 468(12.10%) research 
publications with 16179(10.79%) citations. Top 10 institutions are contributed by 3867(100%) research 
publications and 149968 citations.  
Top ten countries 





 Pub % Citation % 
1 China 5919 29.80 197506 31.55 
2 United States 3065 15.43 135492 21.64 
3 India 1287 6.48 39008 6.23 
4 Spain 1225 6.17 51111 8.16 
5 Australia 1003 5.05 50391 8.05 
6 Canada 918 4.62 30957 4.95 
7 United Kingdom 829 4.17 36912 5.90 
8 Germany 778 3.92 31121 4.97 
9 South Korea 770 3.88 30094 4.81 
10 Italy 626 3.15 23394 3.74 
Total 16420 82.67 625986 100.00 
 
Table 12 shows that, top 10 countries research publications for waste water management research 
during the study period of 2010-2019. From this study it is identified that, maximum of 5919(29.80%) 
research publications are contributed by China with 197506(31.55%) citations, followed by United States 
with 3065(15.43%) research publications with 135492(21.64%) citations, third place is India with 
1287(6.48%) research publications with 39008(6.23%) citations. Top 10 countries are contributed 16420 
(82.67%) research publications with 625986 citations. 
 
Language wise contribution 
 
Table 13 Language wise waste water management research publications 
S.No Language No of Publications % of 19861 
1 English 19776 99.57 
2 Persian 45 0.23 
3 French 10 0.05 
4 German 9 0.05 
5 Chinese 7 0.04 
6 Spanish 5 0.03 
7 Korean 3 0.02 
8 Italian 2 0.01 
9 Polish 2 0.01 
10 Portuguese 2 0.01 
   Total 19861 100.00 
 
Table 13 shows that language wise research publications in the field of waste water management 
research during the ten year study period. From the study it is identified from the table 13,  maximum of 
19776(99.57%) research publications are  English language, followed by 45(0.23%) research publications 
are Persian, 10(0.05%) research publications are French. This study confirmed that most of the 
researchers are used in English language.   
 
Table 14 Highly Cited top 10 waste water management research publications 
S.No Description of the Publication Citations Document Country Authorship 
1 Fu, F. and Wang, Q. (2011) Removal of heavy 
metal ions from wastewaters: A review. 
Journal of Environmental Management, 92(3): 
407-418. 
4375 Review China 2 
2 Rafatullah, M. et al., (2010) Adsorption of 
methylene blue on low-cost adsorbents: A 
review. Journal of Hazardous Materials, 177(3 
Jan): 70-80. 
1667 Review Malaysia, 
India 
4 
3 Laxminarayan, R., et al., (2013) Antibiotic 
resistance-the need for global solutions. The 
Lancet Infectious, 13(12): 1057-1098. 







Table 14 shows that, highly cited top 10 waste water management research publications during 
the selected 10 year study period. From the study it is identified that, maximum of 4375 citations 
are received for the publication of Fu, F. and Wang, Q. (2011).Removal of heavy metal ions from 
wastewaters: A review. Journal of Environmental Management, 92(3): 407-418. Followed by 1667 
citations by Rafatullah, M. et al.,(2010) Adsorption of methylene blue on low-cost adsorbents: A 
review. Journal of Hazardous Materials, 177(3 Jan): 70-80, and 1648 citations by Laxminarayan, R. et 
al., (2013) Antibiotic resistance-the need for global solutions. The Lancet Infectious, 13(12): 1057-1098. 
Top 10 highly cited publications are identified by 3 articles and 7 reviews, 63 collaborative 
authors from 11 different countries. 
 
Major Finding  
4 Luo, Y. et al., (2014) A review on the 
occurrence of micro pollutants in the aquatic 
environment and their fate and removal 
during wastewater treatment. Science of the 
Total Environment, 473-474: 619-641. 
1534 Review Australia, 
China 
8 
5 Oller, I. et al., (2011) Combination of Advanced 
Oxidation Processes and biological treatments 
for wastewater decontamination-A review. 
Science of the Total Environment, 409(20): 
4141-4166. 
1382 Review Spain 3 
6 Zhang, Q.-Q. et al., (2015) Comprehensive 
evaluation of antibiotics emission and fate in 
the river basins of China: Source analysis, 
multimedia modeling, and linkage to bacterial 
resistance. Environmental Science and 
Technology, 49(11): 6772-6782. 
1294 Article China 5 
7 Hua, M. et al.,(2012) Heavy metal removal 
from water/wastewater by nanosized metal 
oxides: A review. Journal of Hazardous 
Materials, 211-212: 317-331. 
1242 Review China 6 
8 Hidalgo-Ruz, V. et al., (2012) Microplastics in 
the marine environment: A review of the 
methods used for identification and 
quantification. Environmental Science and 
Technology, 46(6): 3060-3075. 





9 Xu, P. et al., (2012) Use of iron oxide 
nanomaterials in wastewater treatment: A 
review. Science of the Total Environment, 424: 
1-10. 
1132 Review China 11 
10 Qu, X., Alvarez, P.J.J. and Li, Q. (2013) 
Applications of nanotechnology in water and 
wastewater treatment. Water Research, 
47(12):3931-3946. 




• During the ten year study period total number of 19861 research publications are identified in waste 
water management research and maximum of 2842(14.31%) research publications are contributed 
in the year 2019. 
• During the study relative growth rate is 0.67 in the year 2011 and 0.15 in the year 2019. At 
the same time doubling time is 1.03 in the year 2011 and 4.49 in the year 2019.  
• Maximum of 101 (15.10%)  research publications are contributed by Ngo, H.H China with 
8051(19.32%) citations, China and maximum of 3725 research publications are contributed by four 
authors. 
• Average degree of collaborations is 0.97, average Collaborative Co-efficient is 0.73 and average 
Collaborative index is 4.47.  
• From the study CAI for single, two and three authorship is increasing trend from 1st block to 
2nd block. At the same time, CAI for more than 3 authorship is decreasing trend from 1st block to 
2nd block years. 
• Time series analysis study found that waste water management research publications in the 
year 2025 is around are equal to 3076 and the year 2030 is around are equal to 3621.  This 
study identified that, maximum of 18037(90.82%) research publications are contributed by article, 
• Maximum of 2102 (10.58%) research publications in the journal of Bio resource technology with 
93616(20.28%) citations and maximum of 863 (22.32%) research publications by the institution of 
ministry education china with 31286(20.86%) citations.  
• China has maximum of 5919 (29.80%) research publications with 197506(31.55%) citations and  
English language has contributed maximum of 19776 (99.57%) research publications.  
• During the study period maximum of 4375 citations are received by Fu, F., Wang, Q. (2011) 
Removal of heavy metal ions from wastewaters: A review. Journal of Environmental Management, 
92(3): 407-418.  
Conclusion 
The overall ten year study period identified the waste water management research publications from 
SCOPUS database is increasing gradually. Now a day’s many institutions and research centers are doing 
many more research activities in the field of wastewater management. This study identified developed 
countries of China contributed a maximum of research publications. The scientist are doing the research 
activities for sharing of their experiences by each other’s toward by the team work activities may 
increases the number of researches publications in the field. Further the same study will be conduct 
through web of science database and identified the current trends.  
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